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Daidzein and Genigtein produced by a
marine Micromonospora carbonacea FIM 02-635"

JIANG Hong *?, CHEN G Yuan-rong' * ,ZHEN G Wei*
(1. Fujian Institute of Microbiology, Fuzhou 350007, China;
2. Fujian Medical University, Fuzhou 350004, China)

Abstract : Objective To study the active secondary metabolitesfrom marine microorganism FIM02-635. Meth-
ods The producing strain was identified by taxonomical and phylogenetic studies. Two compounds FW635I1
and FW635I12 with immunosuppressive activities were extracted by organic solventsfrom the culture broth and
purified by dlica gel column chromatography and high speed counter current chromatography. The structures
of the two compounds were determined by physico-chemical properties and spectral analyses,the biological ac
tivities were assayed invitro. Resultsand Conclusion The producing strain was named as Micromonospora car-
bonacea FIM 02-635. Two compounds FW635I11 and FW63512 were determined to be isoflavone Daidzein and
Cenistein, respectively , showed immunosuppressive and antitumor activities, but not antimicrobia activities.
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In the course of screeningfor novel inr
munosuppressants from marine Micromono-
spora, two important isoflavones were is0-
lated from the culture broth of a marine Mi-
cromonospora strain FIM 02-635.

This paper reports on the taxonomy
and fermentation of the strain FIM 02-635,
the isolation, physico-chemical properties

and the biological properties of two com-
pounds.

1 Materialsand Methods
1.1 Taxonomy Studies

A marine Micromonospora strain FIM
02-635 was isolated from a beach soil col-
lected in Fujian Province, China. Morpho-
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logical cultural characteristics and physio-
logical propertiesof strain FIM 02-635 were
investigated by the methodsof Shirling et al
and Waskman'*?'. Cultures were observed
after incubation at 35 for 2 weeks. Carbo-
hydrate utilization was tested by grown on
Pridham and Cottlieb’ s medium™® contai-
ning 2% carbon sourc at 35 for 2 weeks.

The amino acid compostion of the cell
wall and the sugar compostion of the whole
cell were analysed by the method of Haseg-
awa Y. Phospholipids , menaquinones and
mycolic acids were analysed by the method
of Minnikin®®' and Genomic DNA was deter-
mined by the method of De Ley'® . Phyloge
netic study of the strain FIM 02-635 was
made by analyss of the 16S rDNA gene
base sequence.
1.2 Fermentation

A loop of culture was inoculated into a
500 mL flask containing 80mL of seed cul-
ture medium conssting of (%) soluble
starch 1.5, glucose 0.5, peptone 0.5, yeast
extract 0.5, (NH4)2S04 0.05, Ko HPOs -
3H.0 0. 05, NaCl 0.05, MgSOs - 7H20
0.05, CaCO30.1, pH 7.5. Incubation was
carried out at 32 for 48h on arotary shak-
er operating at 240r - min ‘. After 2 days
incubation , a 10% of seed culture was
tranderred into a 500mL flask containing
80mL of fermentation medium consi sting of
(%) soluble starch 4, glucose 0.5, soybean
meal 2.5, yeast extract 0.5, MgSO. - 7H:
00.05, Kz HPO4 - 3H20 0.05, CaCO:s 0.
1,pH 7.5. Fermentation was performed at
32 for 4to 5 dayson arotary shaker oper-
atingat 240 r - min™*.
1.3 Isolation and purification

The harvested culture broth was centri-
fuged and the mycelia cake was extracted
with ethanol twice. The ethanol extract e
vaporated under reduced pressure and the
resulting solution was extracted with ethyl

acetate twice, concentrated in vacuum to a
syrup. The syrup was chromatographed on
a dlica gel Gcolumn(4 x 50cm) and el uted
with petroleum ether : acetone as a gradient
eluting solvent. The same active portions
analysed by HPL C were pooled and evapo-
rated under reduced pressure. The resulting
light yellow powder was dissolved in a small
amount of methanol and purified by TBE
300 HSCCC (high speed counter current
chromatography) using chloroform : meth-
anol : water (4 3 2) asthe solvent (low-
er phase as the mobile phase) . The appara
tus was rotated at 800 r - min"*. Two ac
tive fractions, FW635l11 and FW63512,
were obtained and dried under reduced pres
sure respectively.

HPL C was performed on a column of
ODSCi18 at 50 with an eluent of MeOH

H.O 40 60 (v/v). The flow rate was

1mL per minute, the absorption of the ef-
fluent was monitored at 260nm. The reten-
tion time for FW635I1 was 10. 2min, for
FW63512 was 10. 7min, regpectively.
1.4 Biological activities in vitro
1.4.1 Inhibition effect on splenocyte pro-
liferation

Immunosuppressve activity was deter-
mined by lymphocyte growth inhibition.
Slenocytes were prepared from Kunmin
mice and ConA induced splenocyte prolifer-
ation was performed in 96-well microtiter
plates with each well containing 4 x 10°
splenocytes in 0. ImL RPMI[-1640 medium
supplemented with 10 %fetal bovine serum,
to which ConA (1 g- mL ') was added.
The cell s were incubated at 37 ina95%
ar 5% CO: incubator for 3 days. Growth
was measured by the colorimetric MTT as
say described by Mosmann!” .
1.4.2 Inhibition of IL-2 Production

IL-2 in the ConA induced splenocyte su-
pernatant was quantified with BLISA IL-2 Kit
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purchased from Wuhan Bosder Company.
1.4.3 Antitumor activity invitro

The human leukemia cdl line K562 was
grown in 96wl microplatesin RPM 1640 me-
dum supplemented with 10 % fetal bovine ser-
um, cdlswereincubated at 37 ina9 %ar
5% CO: incubator. The test sanplesin DMSO
were diluted with the medum and added to the
wells regpectively. After incubation for 72h, the
cytotoxidty againg the tumor cdl was deter-
mined by the colorimetric MTT assay.
1.4.4 Antimicrobial activity

Antimicrobial activities were deter-
mined by usng 6mm paper discs and nutri-
ent agar medium for bacteria, incubation at
37 overnight ; and Sabroud’ s agar medi-
um for yeast and fungi at 30 for 2 or
3days.

2 Results
2.1 Taxonomy of strain FIM 02-635

The vegetative mycelium of strain FIM
02-635 was 0. 31 m in diameter , developed ,
branched and septate . Spores were born
sngly on short sporophores, spherical or o-
void (0.60. Pm x0.60. ¥m ) and the
surface of spore was dightly rough (Fig.
1) . Aeria mycelium was not observed. The
vegetative mecelium was brownish or or-
ange-brown and the soluble pigment was
brownish or yellowish brown.

On the bass of morphology, culture
characteristics, physological properties and
the chemotaxonomic characteristics (data
not shown) , strain FIM 02-635 wasinferred
to be a member of the genus Micromonospo-
ra. Thecomplete 16SrDNA gene base (Ac
esson No. GenBankA Y697299) sequence of
strain FIM 02-635 was showed the strain
highly associated with Micromonospora car-
bonecea (98.6 % smilarity) . The strain was
identified as Micromonospora carbonecea
FIM 02-635.

Fg.1 Scanning electron micrograph of
drain FIM 02-635

2. 2 Physico-chemical properties of
FW635I1 and FW635I2

Two compounds were soluble in most
organic solvents but not in petroleum ether ,
cyclohexane and water. The UV spectra of
FW635I1 and FW63512 showed absorption
maxima at 248 and 262nm respectively. El-
MS gave the molecular masses: 255,137,
138 (M +) ,calculation 254 for FW635I1;
271,243,153 (M +) , calculation 270 for
FW63512. The molecular formular of
FW63511 is Cis HioOs and of FW63512is Cis
H10Os , which were determined by usng EI
MS and NMR techniques (Table 1). The
chemical shift in the *H and ®*C NMR of
FW635I11 and FW63512 were shown in Ta
ble 2 . On the bass of the above findings,
compound FW63511 and FW635I12 are iden-
tical with Daidzein and Genistein'® respec-
tively. The chemical structure of FW635I1
and FW63512 were shownin Fia. 2.

FW635-12 5'

FHg.2 Chemica sructures of FW635I1
and FW63512
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Table 1 Physco-chemical properties of FW635I1 and FW635I2

FW635I11

FW63512

Appearance
Melting point
Solubility Soluble

Colourless, needle crystal
310-315

MeOH , EtOH, Me2CO
DMSO, Pyrimidine

Insoluble Petroleum ether , cyclohexane, H20
Molecular formula C15H1004
Molecular weigh 254
EFMS (M™) 255, 137, 118
UW\ mex (MeOH ,nm) 248

IR max (KBr ,cm~ 1)

1046, 956, 889, 843, 790

3234 ,1631,1596 ,1517 ,1461 ,1384 ,1307 ,
1272 ,1240, 1194, 1172, 1097,

Colourless, needle crysta
305310

MeOH, EtOH, Me2CO

DMSO, Pyrimidine

Petroleum ether , cyclohexane, H20
Cis H100s

270

271, 243,153

262

3436, 1656, 1623, 1578, 1517, 1464 ,
1375, 1330, 1286, 1252, 1194, 1178,
1151, 1107, 1046, 882

Table 2 ‘Hand ®CNMR assgnments ©) for FW635I1 and FW635I2
" FW63511 FW63512
posdtion B¢ Su dc 3
2 153.0 8.18(1H, s 153.9 8.16 (1H, 9
3 118.5 122.8
4 176.3 181.7
5 128.8 8.47(1H, d,J=8.7TH2) 159.8
6 116.4 7.24(1H, dd,J=8.7, 2.7H2) 100.6 6.69(1H, d,J=2.4H2)
7 164.6 166.5
8 103.6 7.13(1H, d,J=2.1H2) 95.1 6.78(1H, d,J=1.8H2)
9 159.9 159.2
10 116.7 106.3
z 125.5 122.8
2,8 131.6 7.83(2H, d,J=8.4H2) 131.6 7.75(2H, d,J=8.7H2)
3,8 116.7 7.30(2H, d,J=8.4H2) 116.8 7.31(2H, d,J=8.7H2)
4 159.0 164.2
2.3 Biological activities in vitro a
2.3.1 Inhibitory effect on ConA induced
splenocyte proliferation C
The immunosuppressve activities of o f
two compounds were examined by lympho-
cyte growth inhibitions. The splenic T-lynr Y ;
phocyte proliferation were sgnificantly sup- ‘
pressed by 0. 10 mol - L ' of FW635I1 and
FWG63512 resectively. Both compounds ‘ I
showed similar activity (1Gso M mol - L™ *, —e—FW635 | | =l W
Fig.3). Fg.3 Inhibitory effect on ConA induced
2.3.2 Inhibition of IL-2 Production splenocyte proliferation

IL-2 production which was in the ConA
induced splenocyte supernatant, was sgnifi-
cantly inhibited by FW635I11 and FW635I2.
Both compounds showed smilar activity (1Cs3
Mmol - L%, Fg.4).

2.3.3 Antitumor activity invitro

Both compounds inhibited the human
leukemia K562 cell proliferation with 1Cs
value of 140 and 11Q mol L for

11 -
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FHg.4 Inhibition of IL-2 production
FW63511 and FW63512 respectively .
2.3.4 Antimicrobial activities
Compounds, FW63511 and FW63512,
showed no antimicrobial activities including
bacteria and fungi.

3 Dissussion

Isoflavones originated from plants,
mainly from sy plant. The secondary me
tabolites extracted from the plants have sev-
eral functions for great benefits to human
health, for instances as estrogens, anties
trogens, cancer enzyme inhibitors and an-
tioxidants. Although isoflavones were
found in the soy plant , somewhat microor-
ganisms including streptomyces, molds,
pseudomonas were found to be able to pro-
duced these compounds®™. Two conr
pounds FW635I1 and FW63512 isolated
from a marine Micromonospora . FIM 02
635 were identified with Daidzein and
Genistein respectively and the producing
strain Micromonospora sp. FIM 02-635 was
classfied as Micromonospora carbonecea
FIM 02-635.

Asfar as we know only one species of
the genus Micromonospora, Micromonospo-
ra halophyticaisolated from terrestrial hab-
itats produced Daidzein and Genistein™**.
However we found a marine Micromonospo-
ra carbonecea FIM 02-635 is able to produce
two important isoflavones , FW63511
(Daidzein) and FW63512 (Genistein) , with
immunosuppressve activities. Hopefully,

12 -

this would lead to the discovery the new im-
munosuppressants or other natural products
by marine Micromonospora isolated from
the relatively extreme enviromenta condi-
tions.
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